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Abstract: More than half of the world’s 18 penguin species are declining. We, the Steering Committee of the
International Union for Conservation of Nature Species Survival Commission Penguin Specialist Group, determined
that the penguin species in most critical need of conservation action are African penguin (Spheniscus demersus),
Gala´pagos penguin (Spheniscus mendiculus), and Yellow-eyed penguin (Megadyptes antipodes). Due to small
or rapidly declining populations, these species require immediate scientific collaboration and policy intervention.
We also used a pairwise-ranking approach to prioritize research and conservation needs for all penguins. Among
the 12 cross-taxa research areas we identified, we ranked quantifying population trends, estimating demographic
rates, forecasting environmental patterns of change, and improving the knowledge of fisheries interactions as
the highest priorities. The highest ranked conservation needs were to enhance marine spatial planning, improve
stakeholder engagement, and develop disaster-management and species-specific action plans. We concurred that,
to improve the translation of science into effective conservation for penguins, the scientific community and
funding bodies must recognize the importance of and support long-term research; research on and conservation
of penguins must expand its focus to include the nonbreeding season and juvenile stage; marine reserves must
be designed at ecologically appropriate spatial and temporal scales; and communication between scientists and
decision makers must be improved with the help of individual scientists and interdisciplinary working groups.
Keywords: climate change, ecosystem sentinels, knowledge gaps, marine spatial planning, nonbreeding habitat,
pairwise ranking, science communication
Aplicacio´n de Ciencia en las Necesidades de Conservacio´n Urgentes para los Pingu¨inos.
Resumen: Ma´s de la mitad de las 18 especies de pingu¨inos del mundo esta´n disminuyendo. Nosotros, el Comite´
Directivo de la Unio´n Internacional para la Conservacio´n de la Naturaleza, Grupo de Especialistas en Pingu¨inos,
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determinamos que las especies de pingu¨inos con necesidades cr´ıticas de conservacio´n son el pingu¨ino africano
(Spheniscus demersus), el pingu¨ino de las Gala´pagos (Spheniscus mendiculus) y el pingu¨ino de ojos amarillos
(Megadyptes antipodes). Debido a que sus poblaciones son pequen˜as o esta´n declinando ra´pidamente, estos
pingu¨inos requieren colaboracio´n cient´ıfica e intervencio´n pol´ıtica inmediatas. Tambie´n utilizamos un me´todo de
clasificacio´n por pares para priorizar las necesidades de investigacio´n y conservacio´n para todas las especies de
pingu¨inos. Entre las 12 a´reas de investigacio´n que identificamos, las ma´s prioritarias fueron: cuantificacio´n de las
tendencias poblacionales, estimacio´n de las tasas demogra´ficas, prediccio´n de las patrones de cambio ambiental y
mejora del conocimiento de las interacciones con pesquer´ıas. Las mayores necesidades de conservacio´n fueron:
optimizar la planificacio´n marina espacial, mejorar la colaboracio´n de las partes interesadas y desarrollar planes
de manejo de desastres y de accio´n para cada especie. Coincidimos en que, para mejorar la traduccio´n de la
ciencia en la conservacio´n efectiva de los pingu¨inos, la comunidad cient´ıfica y los organismos financiadores
deben reconocer la importancia de la investigacio´n a largo plazo y apoyarla; la investigacio´n sobre pingu¨inos y
su conservacio´n debe expandir su enfoque para incluir la e´poca no reproductiva y la etapa juvenil; las reservas
marinas deben ser disen˜adas a escalas espaciotemporales ecolo´gicamente apropiadas; y la comunicacio´n entre
cient´ıficos y tomadores de decisiones debe mejorar con la ayuda de cient´ıficos individuales y grupos de trabajo
interdisciplinario.
Palabras Clave: cambio clima´tico, centinelas de ecosistemas, clasificacio´n por pares, comunicacio´n cient´ıfica,
ha´bitat no reproductor, planificacio´n marina espacial, vac´ıos de conocimiento
Introduction
Penguins are in trouble. Ten of the 18 recognized pen-
guin species are threatened (IUCN 2018) (Table 1), mak-
ing them the most threatened group of seabirds after
albatrosses and petrels (Croxall et al. 2012). More than
half of the 18 species are in decline, and species with
stable or increasing global populations are sometimes in
decline regionally (e.g., Magellanic penguins [Spheniscus
magellanicus]) (Pozzi et al. 2015). For some species, data
are insufficient to estimate global population size.
The International Union for Conservation of Na-
ture Species Survival Commission (IUCN SSC) Specialist
Groups consist ofmemberswho provide the highest level
of scientific rigor and expertise regarding the conserva-
tion of the specieswithin their purview (IUCN2017).We,
the IUCN SSC Penguin Specialist Group (PSG) Steering
Committee (Supporting Information), held a 2-day work-
shop to develop a consensus on the penguin species of
most immediate conservation concern and prioritize gaps
in penguin research and conservation. Workshop atten-
dees represented 8 countries and a broad range of exper-
tise on penguins (Supporting Information). Recognizing
that a lack of consensus among scientists on priorities and
approaches can impede conservation (e.g., in the case of
African penguin Spheniscus demersus: Holcombe 2015),
our goal was to foster conservation action on behalf of
penguins through intensive discussions and structured
ranking processes.
Priority Species
In a facilitated session, we drew on our collective exper-
tise (Supporting Information), published literature, and
insight from collaborators to identify conservation and
research needs. We grouped needs into broader themes
(e.g., research on microplastics and harmful algal blooms
under the marine-pollution theme) (Supporting Informa-
tion), which led to 9 conservation and 12 research pri-
orities. These discussions were informed by Garc´ıa Bor-
boroglu and Boersma (2013), Trathan et al. (2015), and
a 2016 IUCN SSC PSG workshop (Boersma et al. 2017;
IUCN SSC PSG 2017).
We used a modified pairwise-ranking approach to pri-
oritize the identified needs (e.g., Thurstone 1927; Kendall
& Smith 1940; Jones 1995). First, we used the crite-
rion general importance to penguins to conduct pairwise
comparisons. For each pair, committee members voted
for the need they considered of higher priority.We tallied
our votes and calculated weighted scores by dividing the
number of votes for each priority by the total number of
votes available. As a group, we decided which species
each priority applied to (Supporting Information). For
the final rankings, we multiplied the weighted scores
by the number of relevant species (Table 2). Therefore,
the highest ranked threats were those that had the most
votes andwere considered relevant to all ormost penguin
species.
We acknowledged that the species facing the great-
est number of conservation and research needs may not
be the species of the most immediate conservation con-
cern. Therefore, we also voted on which species were
in most pressing need of policy intervention and interna-
tional collaboration; we used rapid population declines
or extremely limited geographic range as our criteria.
Three species were unanimously voted as international
priorities: African penguin (S. demersus), Gala´pagos pen-
guin (Spheniscusmendiculus), and Yellow-eyed penguin
(Megadyptes antipodes).
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Table 2. Ranked priorities for penguin research and conservation.
Pairwise ranking score No. of relevant species Final weight Ranking
Research
population surveys 0.13 18 2.34 1
demographic 0.10 18 1.8 2
environmental patterns 0.09 18 1.62 3
fisheries interactions 0.14 11 1.54 4
foraging ecology 0.08 18 1.44 5
natural history 0.10 13 1.3 6
marine pollution 0.08 11 0.88 7
diet composition 0.05 17 0.85 8
human impacts 0.08 7 0.56 9
interspecific interactions 0.04 7 0.28 10
taxonomy review 0.07 4 0.28 11
disease surveillance 0.03 4 0.12 12
Conservation
marine spatial planning 0.20 18 3.6 1
species action plans 0.16 16 2.56 2
public awareness 0.11 18 1.98 3
disease management 0.09 17 1.53 4
introduced species 0.14 6 0.84 5
tourism regulation 0.10 8 0.8 6
nesting habitat 0.10 4 0.4 7
natural predators 0.06 3 0.18 8
harvesting or trade 0.04 2 0.08 9
African Penguins
The global population of African penguins is approxi-
mately 21,000 pairs, down from over 1.5 million pairs in
the early 1900s (Crawford et al. 2011). This ongoing rapid
decline is primarily caused by reduced prey availability
(Crawford et al. 2011), attributable to climate change and
fisheries (Pichegru et al. 2012; Sherley et al. 2017). Addi-
tional threats include petroleum discharge (Fowler et al.
1995; Barham et al. 2007; Wolfaardt et al. 2008), ship-
to-ship bunkering (South African Department of Environ-
mental Affairs and South African National Parks data),
and predation by seals and land-based predators (Weller
et al. 2016; Cape Nature Conservation and South African
National Parks data). An ecosystem-based approach to
fisheries management that ensures sufficient prey for
African penguins, especially when prey stocks are low,
is urgently needed. The recently expanded marine pro-
tected area network includes some breeding colonies
(Department of Environmental Affairs 2018), but it does
not provide the protection necessary for all life stages
(Harding 2013; Roberts 2016; Sherley et al. 2017).
Gala´pagos Penguins
This rarest of penguin species is restricted to Ecuador’s
Gala´pagos Islands. Its population undergoes extreme
fluctuations and is of unknown size due to low and vari-
able resighting rates (Boersma et al. 2013). Gala´pagos
penguins do not breed when food is scarce; instead, they
spend much of their time foraging at sea. When they do
breed, and often when they molt, they are hidden in lava
nests where they cannot be seen (Boersma 1978). This
population is threatened by severe El Nin˜o events, which
are becoming more frequent (Cai et al. 2014), because
they increase adult and juvenile mortality and result in
breeding failure (Boersma 1978; Boersma 1998; Vargas
et al. 2006). When food is abundant, erosion of existing
nesting sites, a lack of well-shaded breeding sites, and
invasive predators (e.g., cats and rats) limit successful
breeding and population recovery. Removing invasive
predators and building predator-free breeding siteswould
benefit the breeding population. Given the population’s
sensitivity to environmental variability, action should be
taken to protect the population even in the absence of
complete scientific understanding. Improving and en-
forcing fisheries management is crucial to ensure food
availability.
Yellow-eyed Penguins
There are approximately 1700 pairs of Yellow-eyed pen-
guins (Seddon et al. 2013). Populations occur in 2 ge-
ographically and genetically distinct management units
(<40% on the South Island of New Zealand, >60%
on the subantarctic Campbell and Auckland Islands
[Boessenkool et al. 2009]). Steep declines are ongoing
and projected to continue for mainland populations.
Declines are poorly understood but likely driven by in-
troduced predators, disease, environmental change, and
Conservation Biology
Volume 0, No. 0, 2019
Boersma et al. 5
fisheries (Alley et al. 2017; Gartrell et al. 2017; Mat-
tern et al. 2017). Subantarctic breeding areas are pop-
ulation strongholds, but basic research on population
sizes and trends is lacking, and these populations are
threatened by introduced mammals (Challies 1975). In-
creasing penguin-focused tourism has increased stress
and reduced productivity (e.g., French et al. 2018) and
may contribute to disease outbreaks. Of highest priority is
developing effective marine spatial planning and tourism
planning.
Conservation and Research Needs for All Penguins
The highest ranked research needs for penguins en-
tail continued population monitoring (estimating demo-
graphic rates and population trends) and improved un-
derstanding of environmental conditions and change.We
also identified research priorities for emerging or grow-
ing threats. For example, disease surveillance is increas-
ingly important for several species, particularly for small
populations that regularly come into contact with hu-
mans through tourism (e.g., spread of zoonotic enteric
bacteria [Cerda`-Cue´llar et al. 2019]). Diseases are a con-
cern for African penguins (Parsons & Vanstreels 2016),
Gentoo penguins (Pygoscelis papua) (Munro 2007),
King penguins (Aptenodytes patagonicus) (Cooper et al.
2009), Northern rockhopper penguins (Eudyptes mose-
leyi) (Jaeger et al. 2018), and Yellow-eyed penguins (Alley
et al. 2004, 2017). Other threats likely to be underesti-
mated that require additional research include impacts of
bycatch (all penguins [Crawford et al. 2017]), plastic in-
gestion (e.g., Magellanic penguins [Marques et al. 2018]),
and invasive species (all seabirds [Spatz et al. 2017]).
Producing and implementing marine spatial plans
(Ehler & Douvere 2009) emerged as the highest ranked
conservation priority. Marine spatial planning is a practi-
cal approach to ecosystem-basedmanagement (e.g., Lom-
bard et al. 2019) that examines all interactions within an
ecosystem, rather than considering single issues, species,
or ecosystem services in isolation (Ehler & Douvere
2009). For penguins, this process should identify stake-
holders to help map and resolve conflicts and incorpo-
rate conventional fisheries management tools, seasonal
fisheries closures, and corridors that include migratory
routes (e.g., Trathan et al. 2014).
Some conservation needs were restricted to a few
species but represent important gaps in knowledge or
conservation. For example, penguins at some colonies
can face high rates of predation on land (e.g., Little pen-
guins [Eudyptula minor] [Colombelli-Ne´grel & Tomo
2017]) or at sea (e.g., African penguins [Weller et al.
2016]). Threats to penguins can be manifested in sev-
eral ways. For example, climate-associated reductions
and shifts in ocean productivity and prey will likely af-
fect all species (Bost et al. 2015; Trathan et al. 2015;
Ramı´rez et al. 2017), but climate change also has region-
and species-specific effects. Increasing the intensity and
severity of El Nin˜o–Southern Oscillation events affect
penguin breeding and body condition (Gala´pagos pen-
guins [Boersma 1978, 1998]), foraging efficiency and suc-
cess (Little penguins [Pelletier et al. 2012; Carroll et al.
2016]), and breeding performance (Humboldt penguins
[Spheniscus humboldti] [Simeone et al. 2002]). High pre-
cipitation events cause flooding of burrows (African pen-
guins [Kemper et al. 2007], Humboldt penguins [Simeone
et al. 2002], Magellanic penguins [Boersma & Rebstock
2014]), changes in sea ice cover cause range shifts (Ade´lie
penguins [Pygoscelis ade´liae] [Cimino et al. 2016]), eco-
logical mismatch of juvenile penguins and their prey
cause reduced survival rates (African penguins [Sherley
et al. 2017]), and ocean temperature anomalies cause
mortality during migration (Magellanic penguins [Garc´ıa
Borboroglu et al. 2010]).
Leveraging Science for Penguin Conservation
Of seabird breeding colonies, penguin colonies are
among the most intensely researched (e.g., Richdale
1957; Ainley et al. 1983; Crawford et al. 2006; Boersma
2008; Chiaradia et al. 2010; Robertson et al. 2014; Bar-
braud et al. 2015; Bost et al. 2015).Why, then, has science
not always been translated into effective conservation?
There are 4 areas for improvement.
First, understanding penguins requires long-term data
sets, but these are rare, usually localized, and often spear-
headed by a few individualsworking independently. Also,
it is difficult to find funding for long-term studies (Birk-
head 2014; Kuebbing et al. 2018). Governmental insti-
tutions should strive to maintain long-term research that
goes beyond tracking abundance to include monitoring
of ecological processes and other factors key to effec-
tive penguin conservation (e.g., as done by the Antarc-
tic Ecosystem Research Division [Trivelpiece et al. 2011;
Hinke et al. 2015], Australian Antarctic Division [Emmer-
son & Southwell 2008; Southwell et al. 2017], and French
Polar Institute [Jenouvrier et al. 2014; Bost et al. 2015]).
Second, it is easiest and least expensive to study pen-
guins during the breeding season, when they are central
place foragers. For example, 75% of the penguin tracks
in Birdlife International’s (2018) database occur during
the breeding season. However, the nonbreeding season
is often marked by higher mortality than the breeding
season (e.g., Northern rockhopper and Southern rock-
hopper [Eudyptes chrysocome] [Dehnhard et al. 2013]),
and can have carry-over effects on the breeding season
(e.g., African penguins [Sherley et al. 2013], Little pen-
guins [Salton et al. 2015], Magellanic penguins [Rebstock
& Boersma 2018], Northern and Southern rockhopper
penguins [Thiebot et al. 2012], Macaroni penguins [Eu-
dyptes chrysolophus] [Crossin et al. 2010]).
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In the nonbreeding season, some species migrate thou-
sands of kilometers, and knowledge of these movements
remains limited (e.g., Magellanic penguins [Stokes et al.
2014]; Fiordland penguins [Eudyptes pachyrhynchus]
[Mattern et al. 2018]) (Table 1). There is especially little
knowledge of juvenile life stages because juvenile pen-
guins often prospect at other colonies and remain unob-
servable at their natal colony for the first few years after
fledging or, in some cases, emigrate permanently (e.g.,
Humboldt penguins [Simeone & Wallace 2014], Magel-
lanic penguins [Stokes et al. 2014]). Improved knowledge
of this stage is key to conservation because some species
have low juvenile survival rates (e.g., <20% on average
for African penguins [Sherley et al. 2018] and Magellanic
penguins [Gownaris &Boersma 2019], but>75% forKing
penguins [Saraux et al. 2011] and Southern Rockhopper
penguins [Dehnhard et al. 2014]), which can be a strong
driver of population decline (e.g., Magellanic penguins
[Gownaris & Boersma 2019]). Penguins in remote re-
gions of Antarctica and the subantarctic or in the sea
caves or coastal forests of New Zealand are challenging
to study year-round for all life stages. Technological ad-
vances (e.g., satellite imagery) may improve studies of
remote colonies (Ancel et al. 2017; Borowicz et al. 2018).
Third, although reproductive success responds more
immediately and dramatically to improved resource avail-
ability (Oro 2014), population growth rates are most sen-
sitive to changes in adult mortality (e.g., African penguins
[Sherley et al. 2018], Magellanic penguins [Gownaris &
Boersma 2019]). Thus, adaptive management and pro-
tection at broad spatial and temporal scales are required.
Most species forage over large areas (e.g., Boersma &
Parrish 1999; Bost et al. 2015; Mattern et al. 2017)
that vary between the breeding and nonbreeding sea-
son (Warwick-Evans et al. 2018) and sometimes with age
class (Sherley et al. 2017). Foraging areas may extend
to internationally managed waters and often cross juris-
dictional boundaries (e.g., BirdLife International 2018).
Safeguarding the future of penguins therefore requires
international collaboration on spatial planning, particu-
larly in areas beyond national jurisdiction (Trathan et al.
2018; Warwick-Evans et al. 2018).
Marine reserves are not a panacea for fisheries man-
agement problems. However, when guided by a case-by-
case understanding of fisheries and ecosystem structure,
they can be valuable tools for conservation (Hilborn et al.
2004). Experimental fishing closures surrounding breed-
ing colonies of African penguins, for example, reduce
effort by breeding birds during foraging (Pichegru et al.
2010), increase breeding success (Sherley et al. 2015,
2018), and improve chick condition (Sherley et al. 2018).
These effects occur despite concerns about the closures,
including the displacement of fishing effort (Pichegru
et al. 2012), appropriateness of the experimental design
(Weller et al. 2014), and spatial (Pichegru et al. 2012) and
temporal (Crawford et al. 2013) resolution.
Finally, scientific data are necessary but, in many cases,
insufficient to motivate effective conservation (Ropert-
Coudert et al. 2019). Improving the communication of
scientific information to decision makers and stakehold-
ers is also required. For example, at a population and habi-
tat viability assessmentworkshop for Humboldt penguins
(Araya et al. 1999), there were highly conflicting points
of view between researchers and fisheries managers.
Biologists were concerned that being overly optimistic
would lead to the decline or extinction of Humboldt
penguins, whereas fisheries managers worried that being
overly pessimistic would lead to the collapse of fisheries
(Araya et al. 1999). Despite this conflict, the workshop
was crucial in defining research priorities that would con-
siderably improve the type and quality of data obtained
for Humboldt penguins (e.g., Paredes et al. 2003).
In other examples, decades of research on Magellanic
penguins (Boersma et al. 2009; Boersma & Rebstock
2009) led to recommendations for the boundaries of ama-
rine reserve (Boersma et al. 2015). However, the science
itself did not catalyze conservation action until further
efforts were made to engage politicians, legislators, and
stakeholders (Garc´ıa Borboroglu et al. 2015). Similarly,
the biodiversity management plan for the African pen-
guin is based on a long history of research (e.g., Crawford
et al. 2011) and resulted from collaboration among sci-
entists, managers, nongovernmental organizations, and
legislators (Department of Environmental Affairs 2013).
In the South Indian Ocean, collaboration between scien-
tists and politicians led to the expansion of the marine
reserve surrounding the Kerguelen and Crozet archipela-
goes (French Decree 2016-1700). This expansion in-
cluded the creation of a large no-take zone (120,000 km2)
that benefits many marine predators, penguins included.
Elsewhere in the South Indian Ocean, tracking of North-
ern rockhopper and other seabirds supports the recent
expansion of a marine reserve now covering the entire
Amsterdam Island and St. Paul Island Exclusive Economic
Zone (Heerah et al. 2019). These examples show that
individual scientists and interdisciplinary species-specific
working groups play important roles as experts on and
advocates for the species they study (IUCN 2017). They
also highlight that success depends on establishing trust
with decision makers.
Penguins occur in most of the Southern Hemisphere’s
biodiversity hotspots (Ramı´rez et al. 2017) and act as
marine sentinels in these systems (Boersma 2008). The
general decline in the population size of many penguin
species warns of widespread ecological change across
habitats used by penguins and highlights the need for
immediate and focused conservation of marine and ter-
restrial systems alike. Penguins are long-lived and often
disperse widely during the nonbreeding season, char-
acteristics at odds with the current approach to con-
servation: short-term funding, small-scale spatial protec-
tion, and lack of effective, internationally coordinated
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management. Conserving penguins will require creativ-
ity, collaboration, and commitment among diverse stake-
holders. We, the IUCN SSC PSG, have systematically high-
lighted and identified research and conservation priori-
ties to move this agenda forward. By fostering communi-
cation of and policy action toward these priorities, our
goal is to ensure wild penguins exist in perpetuity.
Acknowledgments
We thank J.P. Rodriguez and R. Hoffmann. The Deep
Aquarium provided funding for the workshop and K.
Mileham helped to secure funding. White Oak Conser-
vation Center provided the venue for the IUCN SSC-PSG
meeting. The Global Penguin Society, as the IUCN SSC-
PSG partner organization, supports meetings and work-
shops of the Steering Committee. We sincerely appre-
ciate our many collaborators, who contributed current
species information and thus helped us form a conserva-
tion strategy grounded in the best-available science.
Supporting Information
Details of the affiliations and expertise of the PSG (Ap-
pendix S1), descriptions and examples of each conser-
vation and research priority (Appendix S2), and the con-
servation and research priority needs for the 18 penguin
species (Appendix S3) are available online. The authors
are solely responsible for the content and functionality
of these materials. Queries (other than absence of the
material) should be directed to the corresponding author.
Literature Cited
Ainley DG, LeResche RE, Sladen WJL. 1983. Breeding biology of the
Ade´lie penguin. University of California Press, Berkeley, California.
Alley MR, Morgan KJ, Gill JM, Hocken AG. 2004. Diseases and causes of
mortality in Yellow-eyed penguins, Megadyptes antipodes. Kokako
11:18–23.
Alley MR, Suepaul RB, McKinlay B, Young MJ, Wang J, Morgan KJ.
2017. Diphtheritic stomatitis in Yellow-eyed penguins (Megadyptes
antipodes) in New Zealand. Journal of Wildlife Disease 53:102–110.
Ancel A, Cristofari R, Trathan PN, Gilbert C, Fretwell PT, Beaulieu M.
2017. Looking for new emperor penguin colonies? Filling the gaps.
Global Ecology and Conservation 9:171–179.
Araya M, Garland B, Espinoza D, Sanhuesa G, Simeone A, Teare A,
Zavalaga C, Lacy R, Ellis S. 1999. Taller ana´lisis de la viabilidad
del ha´bitat y de la poblacio´n del Pinguino Humboldt (Spheniscus
humboldti). Informe finale. International Union for Conservation
of Nature Species Survival Commission Conservation Breeding Spe-
cialist Group, Apple Valley, Minnesota.
Barbraud C, Delord K, Weimerskirch H. 2015. Extreme ecological re-
sponse of a seabird community to unprecedented sea ice cover.
Royal SocietyOpen Science2. https://doi.org/10.1098/rsos.140456.
Barham PJ, Underhill LG, Crawford RJ, Leshoro TM. 2007. Differences in
breeding success between African penguins (Spheniscus demersus)
that were and were not oiled in the MV Treasure oil-spill in 2000.
Emu-Austral Ornithology 107:7–13.
BirdLife International. 2018. Seabird tracking database. Birdlife Inter-
national, Cambridge, United Kingdom. Available from http://www.
seabirdtracking.org/ (accessed October 2018).
Birkhead T. 2014. Stormy outlook for long-term ecology studies. Nature
News 514:405.
Boersma P, Frere E, Kane O, Pozzi L, Pu¨tz K, Raya Rey A, Rebstock
G, Simeone A, Smith J, Van Buren A. 2013. Magellanic penguin
(Spheniscus magellanicus). Pages 233–263 in Garc´ıa Borboroglu
P, Boersma D, editors. Penguins: natural history and conservation.
University of Washington Press, Seattle, Washington.
Boersma PD. 1978. Breeding patterns of Galapagos penguins as
an indicator of oceanographic conditions. Science 200:1481–
1483.
Boersma PD. 1998. Population trends of the Gala´pagos penguin: im-
pacts of El Nin˜o and La Nin˜a. Condor 100:245–253.
Boersma PD. 2008. Penguins as marine sentinels. Bioscience 58:597–
607.
Boersma PD, et al. 2017. Evaluating the status and trends of penguin
populations. Penguin Conservation 21:4–12.
Boersma PD, Parrish JK. 1999. Limiting abuse: marine protected areas,
a limited solution. Ecological Economics 31:287–304.
Boersma PD, Rebstock GA, Frere E, Moore SE. 2009. Following the
fish: penguins and productivity in the South Atlantic. Ecological
Monographs 79:59–76.
Boersma PD, Rebstock GA, Garc´ıa-Borboroglu P. 2015. Marine pro-
tection is needed for Magellanic penguins in Argentina based on
long-term data. Biological Conservation 182:197–204.
Boersma PD, Rebstock GA. 2009. Foraging distance affects reproduc-
tive success in Magellanic penguins. Marine Ecology Progress Series
375:263–275.
Boersma PD, Rebstock GA. 2014. Climate change increases repro-
ductive failure in Magellanic penguins. PLOS ONE 9 (e85602)
https://doi.org/10.1371/journal.pone.0085602.
Boessenkool S, Star B, Waters J, Seddon PJ. 2009. Multilocus assign-
ment analyses reveal multiple units and rare migration events in the
recently expanded Yellow-eyed penguin (Megadyptes antipodes).
Molecular Ecology 18:2390–2400.
Borowicz A, et al. 2018. Multi-modal survey of Ade´lie penguin mega-
colonies reveals the Danger Islands as a seabird hotspot. Scientific
Reports 8. https://doi.org/10.1038/s41598-018-22313.
Bost CA, et al. 2015. Large-scale climatic anomalies affect marine preda-
tor foraging behaviour and demography. Nature Communications
6. https://doi.org/0.1038/ncomms9220.
Bost CA, Thiebot JB, Pinaud D, Cherel Y, Trathan PN. 2009. Where do
penguins go during the inter-breeding period? Using geolocation to
track their winter dispersion. Biology Letters 5:473–476.
Cai W, Borlace S, Lengaigne M, Van Rensch P, Collins M, Vecchi G,
Timmermann A, Santoso A, McPhaden MJ, Wu L. 2014. Increasing
frequency of extreme El Nin˜o events due to greenhouse warming.
Nature Climate Change 4:111–116.
Carroll G, Everett JD, Harcourt R, Slip D, Jonsen I. 2016. High sea surface
temperatures driven by a strengthening current reduce foraging
success by penguins. Scientific Reports 6. https://doi.org/10.1038/
srep22236.
Cerda`-Cue´llar M, More´ E, Ayats T, Aguilera M, Mun˜oz-Gonza´lez S, An-
tilles N, Ryan PG, Gonza´lez-Sol´ıs J. 2019. Do humans spread zoonotic
enteric bacteria in Antarctica? Science of the Total Environment
654:190–196.
Challies CN. 1975. Feral pigs (Sus scrofa) on Auckland Islands: status
and effects on vegetation and nesting seabirds. New Zealand Journal
of Zoology 2:479–490.
Chiaradia A, Forero MG, Hobson KA, Cullen JM. 2010. Changes in
diet and trophic position of a top predator 10 years after a mass
mortality of a key prey. ICES Journal of Marine Science 67:1710–
1720.
Conservation Biology
Volume 0, No. 0, 2019
8 Penguin Conservation
Cimino MA, Lynch HJ, Saba VS, Oliver MJ. 2016. Projected asymmetric
response of Ade´lie penguins to Antarctic climate change. Scientific
Reports 6. https://doi.org/10.1038/srep28785.
Clarke J, Kerry K, Fowler C, Lawless R, Eberhard S, Murphy R. 2003.
Post-fledging and winter migration of Ade´lie penguins Pygoscelis
adeliae in the Mawson region of East Antarctica. Marine Ecology
Progress Series 248:267–278.
Colombelli-Ne´grel D, Tomo I. 2017. Identification of terrestrial preda-
tors at two Little penguin colonies in South Australia. Australian
Field Ornithology 34:1–9.
Cooper J, Crawford RJ, De Villiers MS, Dyer BM, Hofmeyr GG,
Jonker A. 2009. Disease outbreaks among penguins at sub-Antarctic
Marion Island: a conservation concern. Marine Ornithology 37:
193–196.
Crawford R, et al. 2017. Tangled and drowned: a global review of
penguin bycatch in fisheries. Endangered Species Research 34:373–
396.
Crawford RJ, et al. 2011. Collapse of South Africa’s penguins in the early
21st century. African Journal of Marine Science 33:139–156.
Crawford RJM, Barham PJ, Underhill LG, Shannon LJ, Coetzee JC, Dyer
BM, Leshoro TM, Upfold L. 2006. The influence of food availability
on breeding success of African penguins Spheniscus demersus at
Robben Island, South Africa. Biological Conservation 132:119–125.
Crawford RJM, Kemper J, Underhill LG. 2013. African penguin (Sphenis-
cus demersus). Pages 211–231 in Garc´ıa Borboroglu P, Boersma D,
editors. Penguins: natural history and conservation. University of
Washington Press, Seattle, Washington.
Crossin GT, Trathan PN, Phillips RA, Dawson A, Le Bouard F, Williams
TD. 2010. A carryover effect of migration underlies individual varia-
tion in reproductive readiness and extreme egg size dimorphism in
Macaroni penguins. American Naturalist 176:357–366.
Croxall JP, Butchart SH, Lascelles B, Stattersfield AJ, Sullivan B, Symes
A, Taylor P. 2012. Seabird conservation status, threats and priority
actions: a global assessment. Bird Conservation International 22:
1–34.
Dehnhard N, Poisbleau M, Demongin L, Ludynia K, Lecoq M, Masello
JF, Quillfeldt P. 2013. Survival of rockhopper penguins in times of
global climate change. Aquatic Conservation: Marine and Freshwa-
ter Ecosystems 23:777–789.
Dehnhard N, Poisbleau M, Demongin L, Ludynia K, Quillfeldt P. 2014.
High juvenile annual survival probabilities in Southern rockhopper
penguins Eudyptes chrysocome are independent of individual fledg-
ing traits. Ibis 156:548–560.
Department of Environmental Affairs. 2013. African penguin biodi-
versity management plan. Government Gazette 824. (Government
Gazette No 36966).
Department of Environmental Affairs, South Africa. 2018. Cabinet
approves a representative network of marine protected areas in
the South African exclusive zone. Department of Environmental
Affairs, Pretoria. Available from https://www.environment.gov.za/
mediarelease/cabinetapproves_representativenetworkofMPAs (ac-
cessed October 2018).
Ehler C, Douvere F. 2009. Marine spatial planning: a step-by-step
approach toward ecosystem-based management. IOC manual and
guides 53. ICAM dossier 6. UN Education, Scientific and Cultural
Organisation, Paris.
Emmerson L, Southwell C. 2008. Sea ice cover and its influence on
Ade´lie penguin reproductive performance. Ecology 89:2096–2102.
Fowler GS, Wingfield JC, Boersma PD. 1995. Hormonal and reproduc-
tive effects of low levels of petroleum fouling inMagellanic penguins
(Spheniscus magellanicus). Auk 112:382–389.
French Decree n° 2016-1700. 2016. De´cret n° 2016-1700 du
12 de´cembre 2016 portant extension et modification de la
re´glementation de la re´serve naturelle nationale des Terres australes
franc¸aises. J. officiel de la Re´publique franc¸aise, Paris. Available from
https://www.legifrance.gouv.fr/eli/decret/2016/12/12/DEVL16311
67D/jo/texte (accessed April 2019).
French RK, Muller CG, Chilvers BL, Battley PF. 2018. Behavioural
consequences of human disturbance on subantacrctic Yellow-eyed
penguins Megadyptes antipodes. Bird Conservation International
https://doi.org/10.1017/S0959270918000096.
Garc´ıa Borboroglu P, Boersma D. 2013. Penguins: natural history and
conservation. University of Washington Press, Seattle, Washington.
Garc´ıa Borboroglu P, et al. 2010. Magellanic penguin mortality in 2008
along the SW Atlantic coast. Marine Pollution Bulletin 60:1652–
1657.
Garc´ıa Borboroglu P, Reyes LM, Giaccardi M, Caloni N, Paura F. 2015.
UNESCO “Blue Patagonia” Biosphere Reserve. Official Nomination
Document. MAB Programme, Province of Chubut, Argentina.
Gartrell B, et al. 2017. Investigation of a mortality cluster in wild adult
Yellow-eyed penguins (Megadyptes antipodes) at Otago Peninsula,
New Zealand. Avian Pathology 46:278–288.
Gownaris NG, Boersma PD. 2019. Sex-biased survival contributes to
population decline in a long-lived seabird, the Magellanic penguin.
Ecological Applications 29. https://doi.org/10.1002/eap.1826.
Harding CT. 2013. Tracking African penguins (Spheniscus demersus)
outside of the breeding season: regional effects and fishing pressure
during the pre-moult period. MS thesis. University of Cape Town,
Cape Town.
Heerah K, Dias MP, Delord K, Oppel S, Barbraud C, Weimerskirch H,
Bost CA. 2019. Important areas and conservation sites for a commu-
nity of globally threatened marine predators of the Southern Indian
Ocean. Biological Conservation 234:192–201.
Hilborn R, et al. 2004. When can marine reserves improve fisheries
management? Ocean & Coastal Management 47:197–205.
Hinke JT, Polito MJ, Goebel ME, Jarvis S, Reiss CS, Thorrold SR, Trivel-
pieceWZ,Watters GM. 2015. Spatial and isotopic niche partitioning
during winter in chinstrap and Ade´lie penguins from the South
Shetland Islands. Ecosphere 6:1–32.
Holcombe L. 2015. Penguin politics: human dynamics in the African
penguin conservation debate. Tropical Resources 34:72–78.
International Union for Conservation of Nature (IUCN). 2012. IUCN
red list of threatened species. Version 3.1. IUCN, Gland, Switzer-
land. Available from http://www.iucnredlist.org (accessed Decem-
ber 2018).
International Union for Conservation of Nature (IUCN). 2017. By-laws
of the IUCN Species Survival Commission 2017–2020. IUCN, Gland,
Switzerland.
International Union for Conservation of Nature (IUCN). 2018. IUCNRed
List of threatened species. Version 2018.2. IUCN, Gland, Switzer-
land. Available from http://www.iucnredlist.org (accessed Decem-
ber 2018).
International Union for Conservation of Nature (IUCN) Species Survival
Commission Penguin Specialist Group. (IUCN SSC PSG) 2017. 2016–
2017 Report. IUCN, Gland, Switzerland. Available from https://
www.iucn.org/sites/dev/files/2016-2017_penguin_sg_report.pdf
(accessed April 2019).
Jaeger A, Lebarbenchon C, Bourret V, Bastien M, Lagadec E, Thiebot J-B,
Boulinier T, Delord K, Barbraud C, Marteau C. 2018. Avian cholera
outbreaks threaten seabird species on Amsterdam Island. PLOS ONE
13 (e0197291) https://doi.org/10.1371/journal.pone.0197291.
Jenouvrier S, HollandM, Stroeve J, SerrezeM, BarbraudC,Weimerskirch
H, Caswell H. 2014. Projected continent-wide declines of emperor
penguin under climate change. Nature Climate Change 4:715–718.
Jones MD. 1995. Thinker’s toolkit. Random House, New York.
Kemper J, Underhill LG, Roux JP, Bartlett PA, Chesselet YJ, James JAC,
Jones R, Uhongora NN, Wepener S. 2007. Breeding patterns and
factors influencing breeding success of African penguins Sphenis-
cus demersus in Namibia. Pages 89–99 in Kirkman SP, editor. Fi-
nal report of the BCLME (Benguela Current Large Marine Ecosys-
tem) project on top predators as biological indicators of ecosystem
change in the BCLME. Avian Demography Unit, Cape Town.
Kendall MG, Smith BB. 1940. On the method of paired comparisons.
Biometrika 31:324–345.
Conservation Biology
Volume 0, No. 0, 2019
Boersma et al. 9
Kooyman GL, Siniff DB, Stirling I, Bengtson JL. 2004. Moult habitat,
pre-and post-moult diet and post-moult travel of Ross Sea Emperor
penguins. Marine Ecology Progress Series 267:281–290.
Kuebbing SE, Reimer AP, Rosenthal SA, Feinberg G, Leiserowitz A, Lau
JA, BradfordMA. 2018. Long-term research in ecology and evolution:
a survey of challenges and opportunities. Ecological Monographs
88:245–258.
Lombard AT, et al. 2019. Key challenges in advancing an
ecosystem-based approach to marine spatial planning under
economic growth imperatives. Frontiers in Marine Science 6.
https://doi.org/10.3389/fmars.2019.00146.
Marques FP, Cardoso LG, Haimovici M, Bugoni L. 2018. Trophic ecol-
ogy of Magellanic penguins (Spheniscus magellanicus) during the
non-breeding period. Estuarine, Coastal and Shelf Science 210:109–
122.
Mattern T, Meyer S, Ellenberg U, Houston DM, Darby JT, Young
M, van Heezik Y, Seddon PJ. 2017. Quantifying climate
change impacts emphasizes the importance of managing re-
gional threats in the endangered Yellow-eyed penguin. PeerJ 5.
https://doi.org/10.7717/peerj.3272.
Mattern T, Pu¨tz K, Garc´ıa-Borboroglu P, Ellenberg U, Houston
DM, Long R, Lu¨thi B, Seddon PJ. 2018. Marathon penguins—
reasons and consequences of long-range dispersal in Fiordland
penguins/Tawaki during the pre-moult period. PLOS ONE 13
(e0198688) https://doi.org/10.1371/journal.pone.0198688.
Munro G. 2007. Outbreak of Avian Pox Virus in Gentoo penguins in
the Falklands. February 2006. Falklands Conservation, Sandy, United
Kingdom.
Oro D. 2014. Seabirds and climate: knowledge, pitfalls, and oppor-
tunities. Frontiers in Ecology and Evolution 2. https://doi.org/
10.3389/fevo.2014.00079.
Paredes R, Zavalaga CB, Battistini G, Majluf P, McGill P. 2003. Status of
theHumboldt penguin in Peru, 1999–2000.Waterbirds 26:129–139.
Parsons NJ, Vanstreels RET. 2016. Southern African seabird colony dis-
ease risk assessment. Southern African Foundation for the Conser-
vation of Coastal Birds, Cape Town.
Pelletier L, Kato A, Chiaradia A, Ropert-Coudert Y. 2012. Can ther-
moclines be a cue to prey distribution for marine top preda-
tors? A case study with Little penguins. PLOS ONE 7 (e31768)
https://doi.org/10.1371/journal.pone.0031768.
Pichegru L, Gre´millet D, Crawford RMJ, Ryan PG. 2010. Marine no-take
zone rapidly benefits endangered penguin. Biology Letters 6:498–
501.
Pichegru L, Ryan PG, van Eeden R, Reid T, Gre´millet D, Wanless R.
2012. Industrial fishing, no-take zones and endangered penguins.
Biological Conservation 156:117–125.
Pozzi LM, Borboroglu PG, Boersma PD, Pascual MA. 2015.
Population regulation in Magellanic penguins: What deter-
mines changes in colony size? PLOS ONE 10 (e0119002)
https://doi.org/10.1371/journal.pone.0119002.
Pu¨tz K, Raya Rey A, Hiriart-Bertrand L, Simeone A, Reyes-Arriagada
R, Lu¨thi B. 2016. Post-moult movements of sympatrically breeding
Humboldt and Magellanic penguins in south-central Chile. Global
Ecology and Conservation 7:49–58.
Ramı´rez F, Afa´n I, Davis LS, Chiaradia A. 2017. Climate impacts
on global hot spots of marine biodiversity. Science Advances 3.
https://doi.org/10.1126/sciadv.1601198.
Rebstock GA, Boersma PD. 2018. Oceanographic conditions in winter-
ing grounds affect arrival date and body condition in breeding female
Magellanic penguins. Marine Ecology Progress Series 601:253–267.
Richdale LE. 1957. A population study of penguins. Oxford University
Press, Oxford.
Roberts J. 2016. African penguin (Spheniscus demersus) distribution
during the non-breeding season: preparation for, and recovery from
a moulting fast. MSc thesis, University of Cape Town, Cape Town.
Robertson G, Wienecke B, Emmerson L, Fraser AD. 2014. Long-term
trends in the population size and breeding success of Emperor
penguins at the Taylor Glacier colony, Antarctica. Polar Biology
37:251–259.
Ropert-Coudert Y, et al. 2019. Happy feet in a hostile world?
The future of penguins depends on proactive management of
current and expected threats. Frontiers in Marine Science 6.
https://doi.org/10.3389/fmars.2019.00248.
Salton M, Saraux C, Dann P, Chiaradia A. 2015. Carry-over body mass ef-
fect fromwinter to breeding in a resident seabird, the Little penguin.
Royal Society Open Science 2. https://doi.org/10.1098/rsos.1.
Saraux C, Viblanc VA, Hanuise N, Le Maho Y, Le Bohec C. 2011. Effects
of individual pre-fledging traits and environmental conditions on
return patterns in juvenile king penguins. PLOS ONE 6 (e20407)
https://doi.org/10.1371/journal.pone.0020407.
Seddon PJ, Ellenberg U, van Heezik Y. 2013. Yellow-eyed penguin.
Pages 97–120 in Garc´ıa Borboroglu P, Boersma D, editors. Penguins:
natural history and conservation. University of Washington Press,
Seattle, Washington.
Sherley RB, et al. 2018. Bayesian inference reveals positive but sub-
tle effects of experimental fishery closures on marine preda-
tor demographics. Proceedings of the Royal Society B 285.
https://doi.org/10.1098/rspb.2017.2443.
Sherley RB, Ludynia K, Dyer BM, Lamont T, Makhado AB, Roux J-P,
Scales KL, Underhill LG, Votier SC. 2017. Metapopulation tracking
juvenile penguins reveals an ecosystem-wide ecological trap. Cur-
rent Biology 27:563–568.
Sherley RB, Underhill LG, Barham BJ, Barham PJ, Coetzee JC, Crawford
RJM, Dyer BM, Leshoro TM, Upfold L. 2013. Influence of local and re-
gional prey availability on breeding performance of African penguins
Spheniscus demersus. Marine Ecology Progress Series 473:291–
301.
Sherley RB, Winker H, Altwegg R, van der Lingen CD, Votier
SC, Crawford RJM. 2015. Bottom-up effects of a no-take zone
on endangered penguin demographics. Biology Letters 11.
https://doi.org/10.1098/rsbl.2015.0237.
Simeone A, Araya B, Bernal M, Diebold EN, Grzybowski K, Michaels
M, Teare JA, Wallace RS, Willis MJ. 2002. Oceanographic and cli-
matic factors influencing breeding and colony attendance patterns
of Humboldt penguins Spheniscus humboldti in central Chile. Ma-
rine Ecology Progress Series 227:43–50.
Simeone A,Wallace RS. 2014. Evidence of philopatry and natal dispersal
in Humboldt penguins. Emu-Austral Ornithology 114:69–73.
Southwell C, Emmerson L, Takahashi A, Barbraud C, Delord K, Weimer-
skirch H. 2017. Large-scale population assessment informs conserva-
tionmanagement for seabirds in Antarctica and the Southern Ocean:
a case study of Ade´lie penguins. Global Ecology and Conservation
9:104–115.
Spatz DR, Zilliacus KM, Holmes ND, Butchart SH, Genovesi P, Ce-
ballos G, Tershy BR, Croll DA. 2017. Globally threatened ver-
tebrates on islands with invasive species. Science Advances 3.
https://doi.org/10.1126/sciadv.1603080.
StokesDL, Boersma PD, deCasenave JL, Garc´ıa Borboroglu P. 2014. Con-
servation of migratory Magellanic penguins requires marine zoning.
Biological Conservation 170:151–161.
Thiebot JB, Cherel Y, Trathan PN, Bost CA. 2012. Coexistence of
oceanic predators on wintering areas explained by population-
scale foraging segregation in space or time. Ecology 93:122–
130.
Thurstone LL. 1927. A law of comparative judgement. Psychological
Review 34:278–286.
Trathan PN, Collins MA, Grant SM, Belchier M, Barnes DKA, Brown
J, Staniland IJ. 2014. The South Georgia and the South Sandwich
Islands MPA: protecting a biodiverse oceanic island chain situated in
the flow of the Antarctic Circumpolar Current. Advances in Marine
Biology 69:15–78.
Trathan PN, et al. 2015. Pollution, habitat loss, fishing, and climate
change as critical threats to penguins. Conservation Biology 29:
31–41.
Conservation Biology
Volume 0, No. 0, 2019
10 Penguin Conservation
Trathan PN, et al. 2018. Managing fishery development in sensitive
ecosystems: identifying penguin habitat use to direct management
in Antarctica. Ecosphere 9. https://doi.org/10.1002/ecs2.2392.
Trivelpiece WZ, Hinke JT, Miller AK, Reiss CS, Trivelpiece SG, Watters
GM. 2011. Variability in krill biomass links harvesting and climate
warming to penguin population changes in Antarctica. Proceedings
of the National Academy of Sciences of the United States of America
108:7625–7628.
Vargas FH, Harrison S, Rea S, Macdonald DW. 2006. Biological ef-
fects of El Nin˜o on the Gala´pagos penguin. Biological Conservation
127:107–114.
Warwick-Evans V, Ratcliffe N, Lowther AD,Manco F, Ireland L, Clewlow
HL, Trathan PN. 2018. Using habitat models for Chinstrap penguins
Pygoscelis antarctica to advise krill fisheries management during
the penguin breeding season. Diversity and Distributions 24:1756–
1771.
Weller F, Cecchini L-A, Shannon L, Sherley RB, Crawford RJM, Al-
twegg R, Scott L, Stewart T, Jarre A. 2014. A system dynamics
approach to modelling multiple drivers of the African penguin pop-
ulation on Robben Island, South Africa. Ecological Modelling 277:
38–56.
Weller F, Sherley RB, Waller LJ, Ludynia K, Geldenhuys D, Shannon
LJ, Jarre A. 2016. System dynamics modelling of the endangered
African penguin populations on Dyer and Robben islands, South
Africa. Ecological Modelling 327:44–56.
Wienecke B, Raymond B, Robertson G. 2010. Maiden journey of
fledgling Emperor penguins from the Mawson Coast, East Antarc-
tica. Marine Ecology Progress Series 410:269–282.
Wolfaardt AC, Underhill LG, Nel DC,Williams AJ, Visagie J. 2008. Breed-
ing success of African penguins Spheniscus demersus at Dassen
Island, especially after oiling following the Apollo Sea spill. African
Journal of Marine Science 30:565–580.
Conservation Biology
Volume 0, No. 0, 2019
